Introduction
Jet fuel is a complex organic mixture of several hydrocarbons with many additives added in trace amounts to improve properties such as thermal stability, lubricity, anti-static, anti-icing and corrosion inhibition. Jet fuel additives can be categorized as hydrocarbon diluents and active ingredients. Static dissipater additives and lubricity improvers are types of hydrocarbon diluents.
Active ingredients include i) antioxidants, ii) metal deactivators (MDA), iii) icing inhibitors or fuel system icing inhibitors and leak detection additives. 
Methods
Single tube heat exchanger is used for Jet A-1 thermal stressing in the tem- thermal oxidative stability study of jet fuel as reported previously [5] .
Thermo Scientific Xactive mass spectrometer used for mass spectrometric analysis in this study is equipped with orbitrap detector and xcalibur software.
Nitrogen as sheath gas was maintained at 15 psi and spray voltage was set at 4.5 kV. Auxiliary gas flow was not required for used sample flow rate (100 µl/min) and relatively clear background however it was set initially. Positive ion mode with electrospray ion source was applied for MS analysis since most species can be protonated by applying a positive potential gradient. Sample ionization in ESI source takes places by high applied voltage upto 5kV. Large molecules ionization without structural deformation or fragmentation is advantage of ESI over other methods of soft ionization [6] . Noticeably, ESI-MS is a suitable method for mass spectroscopic analysis of relatively large molecular weight components in the mass range 300-1000 Da for hydrocarbon fuels and has been recently used for jet fuel analysis [7, 8] .
Methanol extraction of jet fuel samples was conducted in a separatory funnel and methanol to fuel ratio 4:1. Extracted fuel solvent volume layer was separated followed by further fuel dilution with solvent (fuel to methanol/IPA ratio, and methyne(CH) groups. Jet A-1 DEPT was recorder for θ = 135 which shows CH 2 as inverted peaks and CH , CH 3 as positive peaks. Choudhary et al [13, 14] . Carbon numbers assignment in the table 3 for GA is in reference with reported GA NMR [13, 14] and also provided in a figure as Gyrophoric acid (GA) is an antioxidant, antiproliferative agent and a tridepside produced by lichen found in old growth forests of North America such as lobaria linita, lobaria pulmonaria, lasallia papulosa and also produced by few other lichen species [15] . Haemophaein is another dibenzofuran lichen substance with molecular weight same as GA. However, jet fuel infrared spectra reveal vibration bands corresponding to GA along with exhibiting antioxidant property by Burlando et al [16] . DPPH or di(phenyl)-(2,4,6-trinitrophenyl)iminoazanium is an antioxidant assay and GA exhibits a large antimicrobial and DPPH activity as an antioxidant [15] . Natural products derived from plants and lichen also show excellent antioxidant and antiproliferative properties along with reduced harmful carcinogenic effect compared to standard antioxidants such as ascor-13 bic acid, butylated hydroxyanisole (BHA) and butylated hydroxytoluene(BHT) [15] . Also, lichen derivative GA which is found in lasallia pustulata has high phenolic content and exhibit free radical scavenging property [15] .
Lichen secondary metabolites such as depsides, depsidones and tridepsides are produced by acetate polymalonate pathway and orsellinic acid cyclization. forests of North America and are sources of orsellinate type of compounds such as tenuiorin, gyrophoric acid (GA) and methyl gyrophorate [17] . GA is also identified in the extracts of lasallia papulosa which grows in the North American regions. Lasallia papulosa belongs to the division ascomycota, class lecanoromycetes and family umbilicariaceae. GA is a tridepside produced by lasallia papulosa [15] , lobaria pulmonaria and lobaria linita [17] and can be present in other lichen species. stance which is found in many plants species and vegetable oils and is used as a jet fuel additive lubricity improver. Dimers and trimers of linoleic acid are also investigated in jet fuels [8, 22] .
Lichen acids umbilicaric acid and gyrophoric acid exhibited antioxidants activities, however with relatively lower percentage compared to synthetic antioxidant butylated hydroxytoluene (BHT) [18] . Umbilicaric acid and gyrophoric acid also exhibited excellent antibacterial activity against five gram negative bacteria [18] including pseudomonas aeruginosa which is also a jet fuel contaminant.
Another useful lichen acid is usnic acid which is an antioxidant, antimicrobial, and exhibit strong radical scavenging activity [19, 2] . Lichen acids lecanoric acid and salzinic acid are also antioxidant and antimicrobial agents. Additionally, synthetically produced antioxidants used as food and fuel additives such as butylated hydroxytoluene (BHT) can be toxic and carcinogenic. In contrast, lichen substances gyrophoric acid (GA) and usnic acid (UA) are reported antiproliferative, anticancer [20] compared with synthetic fuel additives. Extraction of lichen acids remains a key challenge, however few appropriate organic solvents commonly used for lichen acids purification are methanol, acetone and IPA. Recently, ionic liquids in combination with microwave assisted extraction has been reported as progressions in lichen metabolites extraction [23] . Optimization of lichen cultures and extraction of usnic acid with acetone and methanol is also reported by Behera et al [24] .
Oxygen containing species in jet fuel can reduce friction and wear due to their phenolic and carboxylic groups. For example, dicarboxylic acid esters are added to enhance lubrication properties of fuels to adapt the single fuel concept (SFC) introduced by National Atlantic Treaty Organization(NATO) [25] . It is observed that more centered esteric linkage in a molecule provide better lubricity compared to similar ester containing compounds [26, 25] . Additionally, such species impact particulate emission with increased O/C ratio more than 0.2 [25] and presence of esteric and other oxygen containing functional groups upto few ppm is desirable in jet fuels. Clearly, gyrophoric acid is a Jet A-1 component as identified in this work and potential middle distillate fuel additive for its multifaceted uses as antioxidant and antimicrobial properties along with esterically linked phenols structure suitable for kerosene type fuels. 
Conclusions

